Radical surgery for thoracic oesophageal cancer is highly invasive and often leads to respiratory complications; thoracoscopic surgery is a less-invasive alternative. We examined the need for chest physical therapy (CPT) after thoracoscopic oesophagectomy. Thirty-six consecutive patients, randomly selected for either thoracotomy or thoracoscopic surgery, were included in a randomized clinical trial and received CPT under the same protocol. During short-term post-operative follow-up, both groups showed a marked reduction in respiratory function and responded to CPT to the same extent, although 2 weeks after surgery some parameters of respiratory function were significantly higher in the thoracoscopy group. Thoracoscopic surgery has been reported to be less invasive than standard thoracotomy, but our results suggest that the procedure is also invasive with respect to respiratory function and that CPT should be performed before and after thoracoscopic surgery.
Introduction
Radical oesophagectomy for thoracic oesophageal cancer is an invasive procedure that involves lymphoidectomy in the cervical, thoracic and abdominal regions as well as thoracotomy and laparotomy, and often leads to respiratory failure postsurgery. Recurrent neuroparalysis (which is related to dissection around the recurrent nerve) and reduced coughing ability (caused by dissection around the airway) can also occur; both may cause post-operative complications.
Our previous studies confirmed the efficacy of chest physical therapy (CPT) in preventing a reduction in coughing ability, atelectasis and pneumonia after surgery for oesophageal cancer. 1 We also investigated the effects of this therapy with respect to respiratory function (unpublished data). Several studies have reported that CPT is useful in improving respiratory function after thoracic/abdominal surgery. 2, 3 Thoracoscopic surgery is also used in the treatment of oesophageal cancer and has been reported to be less invasive than standard thoracotomy, 4, 5 although previous studies have not compared the two procedures with respect to respiratory function. This study aimed to compare thoracoscopic surgery and thoracotomy, with regard to pre-and post-surgical respiratory function and responsiveness to CPT.
Patients and methods

PATIENTS
Patients undergoing oesophagectomy, threeregion lymph node dissection and reconstructive surgery for thoracic oesophageal cancer were recruited to the study between May 1994 and May 1998. During this period all patients operated on for oesophageal cancer at Osaka City University Hospital were enrolled. Patients who could not receive CPT because of severe physical conditions were excluded. Randomization was performed using sealed envelopes and the techniques were selected regardless of disease stage. The study was approved by the local research ethics committee and informed consent regarding the procedures was obtained from each patient.
SURGICAL PROCEDURES
Thoracoscopic surgery was performed by inserting a port measuring approximately 1 cm in diameter into four points between the axillary fossa and the seventh intercostal space; neither costal bone resection nor incision of the intercostal muscle was performed. Thoracotomy was performed in the fifth right intercostal space. In all patients, an epigastric median incision was made after total thoracic oesophagectomy; reconstructive surgery of the stomach or jejunum was then performed.
POST-SURGICAL TREATMENT
The tracheal intubation tube was removed the day after surgery and oxygen was administered by mask. Analgesia was provided by continuous epidural block in all patients. An autospirometer AS-505 (Minato, Tokyo, Japan) was used to determine respiratory function, with measurements performed in a supine position. We measured vital capacity, percentage vital capacity, forced expiratory volume in 1 second (FEV 1 ), percentage FEV 1 , and peak expiratory flow as indices of respiratory function on four occasions: before surgery; before and after CPT on day 3 after surgery; and on day 14 after surgery. We also investigated changes in coughing ability before and after CPT on day 3 after surgery.
For pre-operative CPT, respiration training and respiratory muscle training were performed from 1 to 2 weeks prior to surgery until the day before surgery. For postoperative CPT, coughing instruction was performed mainly to improve ventilation and promote expectoration from day 1 to day 3 after surgery. At the same time, patients were instructed to perform deep breathing and abdominal breathing as respiration training. After day 2 postsurgery, training in deep breathing was performed using intensive spirometry to dilate the lungs. Exercise therapy was also used, to achieve early rising. CPT was completed when the patient was able to walk a distance of approximately 100 m without oxygen inhalation or dyspnoea, at about 2 weeks post-surgery.
STATISTICAL ANALYSIS
Values were compared using an unpaired t-test. Respiratory function parameters before and after CPT were compared using paired t-tests. P-values < 0.05 were considered statistically significant.
Results
Thirty-six patients with thoracic oesophageal cancer were recruited to the study: 14 patients were randomized to the Scope group, and underwent thoracoscopy; 22 patients were randomized to the Open group, and underwent thoracotomy. As shown in Table 1 , there were no significant differences in age or parameters of Values are expressed as mean ± SD. No statistically significant differences were detected between the two groups. FEV 1 , forced expiratory volume in 1 s.
pre-operative respiratory function between the two groups. Intercostal muscle disorder related to right thoracic lateral incision alone was observed as a difference between the two groups. There were no serious post-operative complications, such as suture insufficiency or pneumonia, in either group.
There were no significant differences in respiratory function between the two groups at baseline (Table 1) or before CPT on day 3 (Fig. 1 ). In both groups, before CPT, respiratory function was reduced on day 3 post-surgery compared with pre-surgical levels, however.
After CPT on day 3 post-surgery, mean vital capacity improved from 1074 ml (before CPT) to 1325 ml in the Scope group and from 1068 ml to 1347 ml in the Open group. Mean FEV 1 improved from 864 ml to 951 ml in the Scope group and from 871 ml to 1028 ml in the Open group. Mean peak expiratory flow improved from 2.30/s to 2.61/s in the Scope group and from 2.10/s to 2.51/s in the Open group. There were significant increases in parameters other than mean FEV 1 and mean peak expiratory flow in the Scope group (Fig. 1) . When the improvement ratings for these parameters were compared, values were slightly lower in the Scope group but there were no significant differences between the two groups (Fig. 2) .
Coughing ability was classified into three grades ( Table 2 ). On day 3 post-surgery, coughing ability before CPT was evaluated as level III in six patients in the Scope group and in 11 patients in the Open group. In these 17 patients, FEV 1 per kg of body weight before CPT was 10 ml (desired FEV 1 proposed by Pontoppidan et al. 6 ) or higher. In the remaining patients with a coughing ability of level II or lower, changes in coughing ability were investigated. Table 3 shows that coughing ability improved to level III in six of seven patients with level II coughing ability in the Scope group, and in all 11 patients with level II coughing ability in the Open group. Improvement in coughing ability did not depend on whether values before CPT reached the desired FEV 1 (10 ml/kg).
On day 14 post-surgery there were no significant differences in vital capacity or FEV 1 between the two groups, although peak Before chest physical therapy After chest physical therapy expiratory flow was significantly higher in the Scope group (Fig. 3 ).
Discussion
Indications are that a reduction in coughing ability is caused by a direct disorder of the respiratory muscle related to thoracotomy/laparotomy, post-operative pain, reduction of pulmonary/thoracic compliance or glottic dysfunction. 3 Peak expiratory flow depends on lung capacity at the zero point of coughing, but a restrictive disorder (inhalation-phase disorder) following thoracic/abdominal surgery may affect the start of coughing at high lung capacity, by not providing sufficient flow. 6 Of the aetiological factors involved in reduced coughing ability, neither pain nor glottic function are affected by CPT: this therapy is performed to improve the activity of the respiratory muscle and thoracic compliance. Pontoppidan et al. 6 reported Fig. 1 ), although CPT sufficiently improved the coughing level even in patients with low FEV 1 values (Table 3) .
To investigate factors influencing the coughing ability of respiratory muscle, patients were divided into a thoracoscopic surgery group and a thoracotomy group. There was no significant difference in respiratory function immediately after surgery between the groups (Fig. 1) . Concerning the rate of change after CPT, the thoracotomy group showed higher improvement ratings for two of three items, although there were no significant differences (Fig. 2) . Generally, a thoracotomy-related wound is larger than a thoracoscopic surgery-related wound but, with sufficient analgesia, wound size does not negatively affect CPT. In the thoracoscopic surgery group, palpation and chest X-ray showed that the dilatation of the superior lung field involving the site of port insertion was slightly reduced compared with the dilatation of other areas, even when analgesic effects were achieved. This may be because of the long duration of compression associated with hemilateral lung ventilation compared with that in the thoracotomy group. For these reasons, the improvement rating may have been higher in the thoracotomy group.
Incentive spirometry alone does not relieve post-operative respiratory complications. 7, 8 CPT relieves various complications, although it does not markedly influence respiratory function, 9, 10 and it is regularly performed as standard treatment after thoracic or abdominal surgery. 11 Recently, thoracoscopic surgery has been indicated for an increasing number of patients and there have been considerable changes in surgical procedures. 12 The results of this study suggest, however, that thoracoscopic surgery -which is considered less invasive in the acute postsurgical phase -also requires the respiration training and management that is performed after standard thoracotomy.
The limitation of this study is that patients were randomized to either thoracoscopy or thoracotomy and both groups received CPT: we were examining the effect of surgery rather than physical therapy. In future, CPT should be investigated in a randomized, controlled, study.
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